IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Patent Application of 
LILLINGTON 
Serial No. 09/774,673 
Filed: February 1, 2001 
For: FREQUENCY ANALYSIS 




Atty. Ref.: 550-204 
Group: 2631 
Examiner: 



* * * * 



Assistant Commissioner for Patents 
Washington, DC 20231 



April 25, 2001 



SUBMISSION OF PRIORITY DOCUMENTS 



Sir: 



It is respectfully requested that this application be given the benefit of the foreign 
filing date under the provisions of 35 U.S.C. §1 19 of the following, a certified copy of 
which is submitted herewith: 



Application No. 
0004700.1 



Country of Origin 
UK 



Filed 
28 February 2000 



SCS:kmm 

1 100 North Glebe Road, 8th Floor 
Arlington, VA 22201-4714 
Telephone: (703) 816-4000 
Facsimile: (703)816-4100 



Respectfully submitted, 
NIXON & VAN0ERHYE P.C. 

By: _ 

^Ststfiley C. Spooner 
Reg. No. 27,393 




519663 



THIS PAGE BLANK <uspto) 







^\ % Office I 



INVESTOR IN PEOPLE 



The Patent Office 
Concept House 



Cardiff Road 
Newport 



South Wales 
NP10 8QQ 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 
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FREQUENCY ANALYSIS 

This invention relates to digital signal processing (DSP) techniques for 
analysing the frequency content of a signal. 

5 

The most common known method employed to perform frequency analysis is 
the FFT (Fast Fourier Transform) method which has embodiments in both software 
algorithms and in hardware form. The FFT approach suffers from the disadvantage 
that it is better suited to software implementations rather than programmable hardware. 

10 

Viewed from one aspect the invention provides apparatus for frequency content 
analysing an input signal, said apparatus comprising a plurality of frequency splitting 
stages, each stage including one or more up-converter and down-converter pairs, an 
up-converter and down-converter pair serving to receive a complex input signal 
15 representing an input bandwidth and to output a first complex output signal 
representing an upper portion of said input bandwidth and a second complex output 
signal representing a lower portion of said input bandwidth, said first portion and said 
second portion being contiguous and together representing said input bandwidth 
portion. 

20 

In one form, the invention may be embodied as a "tree" system by successively 
splitting the frequency band of interest into two separate contiguous bands, each one 
being centred on zero frequency (zero IF). This is achieved by using complex up and 
down-converters. However, for resolution into a useful number of bands, a large 
25 number of complex converters is required (e.g for 1024 bands, we would need 2047 
converters). This is a disadvantage. 

In order to allow the same result to be achieved with far fewer converters, 
preferred embodiments of the invention interleave the samples from the upper and 
30 lower portion at each stage and passing them through a modified form of up / down- 
converter in the next stage. In general, this requires only l+2*Log2 (N) stages where 
N equals the final number of frequency bands. For example, 1024 bands would now 




2 

require only 1 1 converters, compared with the 2047 mentioned above for the "tree" 
system above. 

This technique is practicable and has a similar economy of scale as the FFT has 
5 over the more direct DFT (Discrete Fourier Transform) methods. 

The invention may also be viewed as a corresponding method of frequency 
content analysis. 

1 0 Example embodiments of the invention are described below. 

Figure 2.1 below gives a simplified block diagram of a 3 stage tree system. The 
input to the system is a band limited signal, centred on zero frequency (or zero IF). 
The sample rate is F s and, by using a complex (I&Q) form, the input band can occupy 
1 5 from F s 12 to + F s /2, as illustrated in Figure 2.2. The input is now split into two bands 
by using a Complex Down-Converter (CDC) and a Complex Up-Converter (CUC). 
Thus, in Figure 2.2, the upper half of the input band (i.e. 0 to + F s IT) is down- 
converted to the band -F s /4 to +F S I A. Similarly, the lower half of the input band is up- 
converted to the band -F s /4 to +F S /4. 

20 

The realisation of the complex down-converter (CDC) is shown in Figure 2.3 
and the complex up-converter (CUC) in Figure 2.4 These are intended to show the 
principle of operation only. The actual realisation can be much simplified since the 
Sine and Cosine need only take one of five values (0, +1, -1, +0.707 and -0.707). 

25 

The overall block diagram is shown in Figure 3.1. The first pair of converters 
(CDC 'A' and CUC 'A') are identical with those of the "tree" system (Fig. 2.1). 
Thereafter, however, the samples for the T channel and for the 'Q* channel are 
interleaved before passing to the next stage of processing. 

30 

The Interleaved Complex Down-Converter (ICDC) differs from the CDC of 
the "tree" system in that the Low Pass Filters are now of a special form, typically 




3 

known as "Interpolating FIR Filters". By adding additional delay between the taps of 
a FIR (Finite Impulse Response) filter, it is possible to process any number of 
independent data streams by first interleaving them. The filtered output data is also 
interleaved in the same manner. The requirements are that each of the independent 
5 data streams needs to processed by an identical filter and that the Interpolating FIR 
filter is capable of running at the increased sample rate caused by interleaving the 
input data. Since each of the CDC's of the "Tree" system in any one filter bank are 
identical, the first requirement is met. Also, although the number of independent 
sample streams increases by a factor of two at each branch of the tree, the sample rate 
10 also drops by a factor of two. Thus it is possible to interleave the samples without any 
overall increase in sample rate, thus satisfying the second requirement above. 

Exactly the same arguments apply to the Interleaved Complex Up-Converter 
(ICUC). The final output of the interleaved system is identical with that of the 'Tree" 
15 system except that, of course, the "Tree" system outputs are in parallel form whereas 
the "Interleaved" system outputs are in serial form. 

Further details of the interleaving and decimation process are as follows. 
Referring to Figs.3.1 and 3.2, the complex stream of input samples to CDC(A) and 

20 CUC(A) are designated Ii , I 2 , I 3 , etc. and Qi , Q 2 , Q 3 , etc. at a sample rate of 

F s . The output of the Complex Down-Converter (CDC(A)) is the filtered sample 

stream, designated I dI , I d2 , I d3 , etc. and Q dI , Q d2 , Q d3 , etc. and the 

corresponding output from the Complex Up-Converter (CUC(A)) is the filtered sample 
stream, designated I u , , I u2 , I u3 , etc. and Q u! , Q u2 , Q u3 , etc. These output sample 

25 streams are also at a sample rate of F s . 

A pair of simple interleavers then follow which interleave the I samples, giving 
the stream I dI , I u2 , I d2 , I u2 , I d3 , I u3 ...etc. and also the Q samples giving the stream 
Qdi> Qu 2 , Qd2 > Qu2 , Q d 3 , Qu3 ... etc. These are now at the increased sample rate of 
30 2F S . 



The interleaved I and Q sample streams are then processed by the Interleaved 
Complex Up and Down-Converters (ICDC(B) and ICUC(B)). The complex output 
data stream from ICDC(B) is designated I dd i , I U d2 , Idd2 , W , Idd3 , Iud3 ..... Etc. and 
Qddi > Qud2 , Qd d 2 , Qud2 > Q d d3 , Qud3 5 ---- Etc. The complex output data stream from 
ICUC(B) is designated I dcU , I ud2 , I dd2 , I U d2 , Idd3 , Iud3 Etc. and Q dd i , Qud2 , Q dd2 , 
Qud2 , Qdd3 9 Qud3 Etc. The sample rate at this point is still 2F S which is twice the 
necessary rate. It is not possible, however, to simply decimate the samples by a factor 
of two (i.e. to remove every other sample) because of the interleaved nature of the 
samples. Instead, it is necessary to accept the first and second sample of each stream, 
remove the third and fourth, accept the fifth and sixth sample and so on before 
interleaving. This yields sample streams at the output of the 2:4 Complex Interleaver 
/ Decimator as follows :- 

Iddl » Idul , Iudl > Iuul , Idd3 , Idu3 Etc. and Q dd i , Q ud2 , Q dd 2 , Qud2, Qdd3 > Qud3 Etc. 

For any subsequent stages, the interleaver / decimator principle is the same. For 
example, the following stage would retain samples 1,2,3 and 4, discard samples 
5,6,7and 8, remove samples 9,10,1 land 12 (etc.) before interleaving. The next stage 
would retain samples 1 through 8, discard samples 9 through 16 and so on. The 
implementation of this process can be carried out in various ways including, for 
example, switched FIFO (first in first out) memory with the read rate set to half the 
write rate 
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Fig. 2.1 Block Diagram of Tree System 
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